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From last time… 
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§  Goal: determine Higgs to gamma gamma vertex position within 1cm for 
mass resolution improvement  

§  Retrain Boosted Decision Tree (BDT) for new 14 TeV pile up conditions 
§  Develop time of flight (tof) discriminant to improve vertex ID efficiency 



BDT 14 TeV re-training 
§  Pile up simulated as Gaussian centered around mean of 50 PU events 
§  ROC comparison: background rejection vs. signal efficiency 
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BDT 14 TeV re-training: VBF focus 
•  VBF: special case for one or more jets missing detector, false pT offset 
•  Train VBF events using                as a discriminant 
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TOF Discriminant Computation 
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§  Detector assumes that all vertices are 
in the center of the detector (O) 

§  Calibration required to account for z 
displacement for each vertex  

 

§  For comparison to other vertices, 
compute difference between TOF for 
each photon  

 

TOF = travelled − nominal
c

ΔTOF= TOF(γ1)−TOF(γ2)



TOF Discriminant Calculation, cont. 
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§  Correct vertex determined in 
test tree 

§  Training: iterate through 
candidate vertices and 
compute ΔTOF for 
comparison 

§  Match: ΔΔTOF = 0 
 

ΔΔTOF= ΔTOF(O)−ΔTOF(V )



Next steps  

•  Finish incorporation of TOF discriminant: better choice of 
metric? 

 
• Check performance ROC curves 

• Optimize based on Δeta between two photons: include as 
discriminant in BDT training 

•  Train for increased pile up (~100 events?) 
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Backup 
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Analysis Code: Off-center calibration 
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float VertexOptimizationAnalysis::getExtraTravelTime(TVector3 &posSC, TVector3 &posVertex){ 
  float travelled = sqrt( pow(posSC.X()-posVertex.X(), 2) + 
              pow(posSC.Y()-posVertex.Y(), 2) + 
              pow(posSC.Z()-posVertex.Z(), 2)  );      //from true vertex 
  float nominal   = sqrt( pow(posSC.X(), 2) + 
              pow(posSC.Y(), 2) + 
              pow(posSC.Z(), 2)  );      //from origin of detector 
 
  return (travelled-nominal)/100./speedOfLight*1.e9;   

  //returns calibration time in nanoseconds 
} 
 
float VertexOptimizationAnalysis::getDeltaTof(TVector3 &posLead, TVector3 &posSubLead, 
TVector3 &posVertex){ 
 
return getExtraTravelTime(posLead,posVertex) - getExtraTravelTime(posSubLead,posVertex); 

 //computes difference in travel time between two photons  
} 



Analysis code: vertex loop 
TVector3 caloPosLead    = ( * (TVector3*) l.pho_calopos-
>At(  l.dipho_leadind[diphoton_id] ) ) ;                              //photon 1 
 
TVector3 caloPosSubLead = ( * (TVector3*)  
l.pho_calopos->At(  l.dipho_subleadind[diphoton_id] ) ) ; //photon2 
 
TVector3 closestVertex  = ( * (TVector3*)l.vtx_std_xyz->At(closest_id) );     //correct vertex 
 
deltaTof = getDeltaTof(caloPosLead, caloPosSubLead, closestVertex); //between 2 photons of 
correct vertex 
 
deltaTof += getTimeResol(timeResVal_); //add smearing factor for time resolution 
 
 
for(int vi=0; vi<l.vtx_std_n; ++vi) { 
      … //other analysis code 
     TVector3 currentVertex  = ( * (TVector3*)l.vtx_std_xyz->At(vi) ); 
     tofCorrTdiff_ = deltaTof -  getDeltaTof(caloPosLead, caloPosSubLead, currentVertex);  

 //compute difference in diphoton tof between correct and current 
     l.FillTreeContainer("vtxOpt"); 
} 
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Higgs production 
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Variable Definitions 
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10 4 Vertex identification

• sumweight: Sum of track weights.242

• ptmax: largest track pT in the vertex.243

• ptmax3: the scalar Âi pi
T, where i spans the 3 tracks with largest pT.244

• sumpt: the scalar Âi pi
T over all tracks.245

• sumpt2: Âi |~pi
T|2.246

The variables below are instead sensitive to the vertex kinematics and its correlation to the247

di-photon system:248

• ptvtx: the modulus of the vectorial sum of the tracks pT, | Âi ~pi
T|.249

• spher: sphericity, defined as 3
2 (l2 + l3), where l1 > l2 > l3 are the ordered eigen-250

values of the r-generalized sphericity tensor S(r)ab = Âi |~pi |r�2 pa
i pb

i
Âi |~pi |r , using r = �2.251

• aplan: aplanarity, defined as 3
2 l3, ditto.252

• sumpr: Âi |~pi|r, with r = �2.253

• Df: angle between Âi ~pi
T and ~pgg

T .254

• ptbal: �Âi(~pi
T · ~pgg

T
|~pgg

T | ).255

• thrust: ratio between ptbal and sumpt.256

• ptratio: ratio between ptvtx and pgg
T .257

• ptasym: (ptvtx - pgg
T ) / (ptvtx + pgg

T ).258

• pzasym: (Âi(pi
z)� pgg

z )/(Âi(pi
z) + pgg

z ).259

The discriminating power of each variable was evaluated by looking at the rank of the signal260

vertex in events with pile-up (PU). In order to establish the best performing vertex identifi-261

cation algorithm, combining the information from multiple variables, the correlation among262

them needs to be taken into account.263

We identified the best performing variables by choosing those where the signal vertex has the264

best rank and by limiting the linear correlation coefficient between the chosen set.265

The study was performed on a simulated sample of a SM Higgs produced in gluon-gluon266

fusion with a mass of 120. Events were preselected requiring both of the photons from the267

Higgs decay to be reconstructed with a transverse energy above 40 (30)for leading (subleading)268

photon and with a pseudorapidity, evaluated with respect to the centre of the detector, below269

2.5. All the tracks used for the vertex fitting were employed.270

Different PU scenarios (between 4 and 18 average interactions) were studied and the set of most271

discriminating variables was found to be stable: ptbal, ptasym, sumpt2. The use of additional272

variables resulted in a marginal gain in performance.273

The distributions of the selected variables are shown in Figure 3.274

4.1.1 The rank-product algorithm275

The rank-product algorithm uses the rank each vertex has in each of the discriminating vari-276

ables and takes their product. The rank of the vertices in each variable ranges from 1 to N for277

an event with N reconstructed vertices. The lowest ranking (1) is assigned to the vertex with278

the most signal-like value in that variable. E.g., in the case of ptbal, the vertex with largest ptbal279

will be assigned rank 1, the second largest rank 2, etc.280


